The Crofoot-Lewis deposit is an adularia-sericite-type (low-sulfidation) epithermal Au-Ag deposit, whose well-preserved palcosurface includes abundant opaline sinters, widespread and intense silicification, bedded hydrothermal eruption breccias, and a large zone of acid sulfate alteration. Radiogenic isotope ages indicate that the system was relatively long-lived, with hydrothermal activity starting around 4 Ma and extending, at least intermittently, for the next 3 m.y. 
than 3 by 7 km at or near the surface and extending to depths greater than 600 m, the limit of deep drilling. There are five main types of hydrothermal alteration in the Sulphur district:
(1) propylitic, (2) interstratified illite-smectite and illitc, (3) opal-K feldspar, (4) montmorillonite + mordenite (zeolite), and (5) acid sulfate. Brief descriptions of propylitic, opal-K feldspar, illite-smectite, and montmorillonite + mordenite alteration, followed by a detailed description of acid sulfate alteration, are given below.
Propylitic alteration
Propylitic alteration occurs in the Kamma Mountains group, mainly lateral to, and locally within, zones of illitesmectite or illitc alteration. The extent and distribution of propylitic alteration is poorly defined. The mineralogy of the propylitic zone is quartz + K feldspar + chlorite + calcite + illitc + marcasite + pyrite + leucoxene _+ siderite.
Opal-K feldspar alteration
Opal-K feldspar alteration covers a large near-surface area 
Illite~smectite alteration
Below the near-surface opal-K feldspar alteration, the Sulfur group sediments are intensely argillized to interlayered illite-smeetite + quartz + pyrite _+ ehlorite _+ illitc _+ calcite +_ kaolinitc _+ pyrrhotite (Fig 4) . This illite-smeetite alteration is pervasive throughout the sediments and extends more than 600 m below the surface. An envelope of illitc alteration (<5% interstratified smeetite) + quartz + pyrite _+ ehlorite + calcite is developed around steeply dipping silieified fault zones. This envelope grades outward away from the fault zone into illite-smeetite alteration with increasing smeetite composition. Calcite veins and veinlets locally cut the illitesmeetite alteration, and small (30-50/•m) rhombs of calcite are disseminated in the illite-smeetite + quartz matrix.
Montmorillonite + moralehire alteration
Montmorillonite + mordenite alteration occurs mainly in the northwest Sulphur district (Fig. 3) , where it partially overprints opal-K feldspar alteration and sinter deposits, and also alters unconsolidated or poorly consolidated alluvium. This alteration is restricted to the near surface, typically extending no deeper than 50 m below the base of alluvium. This assemblage is typically oxidized and consists mainly of montmorillonite, the zeolite mordenite (Na2,K.•,Ca)[A12Si100•4] ß 7H•O, and chalcedony or quartz. Lesser, but locally significant, amounts of interlayered kaolinite-smeetite and kaolinitc are present. Minor amounts of jarosite and alunite occur within narrow fractures cutting mordenite-type alteration, are very fine grained, and appear to be late. Where montmorillonite + mordenite alteration has overprinted earlier opal-K feldspar alteration, mareasite and pyrite have been oxidized.
Acid sulfate alteration
Acid sulfate alteration is a type of intense advaneed-argillie alteration containing alunite + kaolinitc + quartz (Hemley and Jones, 1964) . Acid sulfate alteration is extensive and well preserved at the Crofoot-Lewis mine, and occurs both as a widespread blanket that caps a large portion of the deposit, termed "blanket acid sulfate alteration," and as steeply dipping veins and zones that extend beneath the blanket zone into the underlying opal-K feldspar alteration, termed "acid sulfate veins" (Figs. 5 and 6B).
Blanket acid sulfate alteration
Blanket acid sulfate alteration is vertically zoned, with an upper zone of intensely leached material consisting of residual quartz and cristobalite, termed "blanket acid leach," and a thin lower zone of intense opalization, termed "basal acid leach" (Fig. 5) . Blanket acid leach varies in thickness from zero to 100 m and consists mainly of a barren, bleached white, skeletal residue of white powdery quartz + cristobalite, with lesser amounts of opal-A, alunite, natroalunite, kaolinitc, native sulfur, gypsum, cinnabar, and jarosite (Fig. 6C ). This zone is poorly consolidated and has a high porosity; however, despite the intense leaching, original rock textures are well preserved in many areas. The intensity of acid sulfate alteration generally increases toward major faults and extends to greater depths along some of these structures. Scattered remnants of unleached opal-K feldspar alteration occur within blanket acid leach ( (Fig. 6D ). These beds are typically surrounded above, below, and laterally by opalized or kaolinized hydrothermal eruption breeeia.
Basal acid leach alteration
Basal acid leach alteration occurs as a subhorizontal unit at the base of blanket acid leach alteration (Fig. 5) . Basal acid leach alteration ranges from less than i m to over 12 m thick and commonly contains traces to ore-grade Au (averaging up to 0.6 g/t) and relatively little Ag. Basal acid leach alteration has overprinted earlier opal-K feldspar alteration, as evidenced by remnant patches of opal-K feldspar alteration within this zone. Basal acid leach alteration is characterized by dense opalization, normally white or gray in color, but may be a variety of colors including red where hematite is abundant in the matrix (Fig. 6G) (Fig. 3) . Mineralization is hosted dominantly by Cainel conglomerate, Crofoot breccia, and Kamma Mountains group volcanic rocks. Unoxidized, mineralized, opal-K feldspar alteration extends over a large area and constitutes a huge Au-Ag resource (>116,000 kg Au; Ebert, 1995) , but is uneconomic due to its low-grade (0.27 g/t Au and 4.15 g/t Ag) and refractory nature. Higher grades occur within this unit, and the Bay area contains a refractory resource of about 7 Mt at a grade of 1.20 g/t Au. Economic near-surface Au-Ag mineralization occurs in four styles (Ebert et al., 1996) ; horizontally controlled near-surface ore, mineralized acid sulfate alteration, mineralized basal acid leach, and late quartz-chalcedony veins.
Horizontally controlled near-surface ore
The majority of ore in the Bay area came from mineralized opal-K feldspar alteration and interbedded sinter that was overprinted, and oxidized, by near-surface montmorillonitemordenite alteration. Oxidation of this ore style is independent of structure, and locally is bedding controlled and is referred to as "horizontally controlled." Oxidized ore in this zone contains coinparable grades as the underlying unoxidized mineralized opal-K feldspar alteration, and there are no indications of precious metal remobilization or enrichment. 
Mineralized acid sulfate alteration

Age of acid sulfate alteration
Alunite K-Ar ages vary between 2.4 and 0.9 Ma (Table 1) ; the location of several alunites and the jarosite from the blanket acid leach zone and underlying acid sulfate veins 'along with available K-Ar ages are shown in Figure 7 . In Figure 7 alunites from the blanket zone give older ages than alunites from the underlying veins. Field relations (Fig. 7) show that the veins do not crosscut the overlying blanket zone but simply extend downward from its base. This relation, combined with stable isotope data discussed below, and precious metal distribution, suggests that the blanket acid leach zone is likely to be the same age as the underlying veins and not older, as the K-Ar ages indicate. Given the uncertainty of the analyses these samples could all be about the same age.
Coarse-grained (up to 4 ram) jarosite (sample C/L 32) from narrow fractures cutting the blanket acid bach zone yielded a K-Ar age of 0.7 + 0.2 Ma. This coarse-grained sample has isotopic compositions characteristic of a steam-heated origin and represents the youngest documented episode of geothermal activity. Table   The level of the water table has process resulted in leaching of precious metals from a large area and concentration into relatively confined zones below the water table; they probably formed in a similar manner to classical supergene enrichment zones, the main difference being that the acid fluids were generated by the oxidation of H2S gas and not sulfide minerals. The mechanism by which Au and Ag are transported in these acid, relatively oxidizing, low-temperature fluids is uncertain. The ability of the acid sulfate fluids to leach even relatively insoluble elements is displayed by the large areas containing 90 to 100 percent residual silica that have had essentially all other major and minor elements removed (Ebert, 1995 
Evidence for Fluctuations in the Water
Stable Isotope Study Sample descriptions and analytical results
Brief sample descriptions and stable isotope data are summarized in Table 2 . Sample locations for several of the sampies are shown in Figure 7 . The seven kaolinitc samples listed in Table 2 Three samples of present-day surface and subsurface acidic waters have been analyzed for aqueous sulfur. The subsurface acid water was sampled in an area which contains no oxidized rock and most likely originated by oxidation (at shallow depths) of HsS gas that is presently exsolving from a reservoir of warm water at depth. Exploration drill holes have encountered warm (up to 40øC), locally acidic (pH to 3.9) water and H2S gas. Standard stable isotope techniques were used and are summarized in Ebert (1995).
Discussion of Isotopic Data
Oxygen and hydrogen isotope data for alunite, jarosite, and kaolinitc There are three dominant sedimentary units in the district, the Auld Lang Sync Group, beds within the Black Rock terrane, and the late Cenozoic basin fill. Abundant graphite within the Auld Lung Sync Group indicates that, at least locally, prior to ore deposition these rocks were subject to temperatures above the oil stability window and are an unlikely source for bitumen. The Black Rock terrane contains igneous and sedimentary rocks, including cherts, mudstones, sandstones, course elastic rocks, and minor lacustrine limestones (Oldow, 1984; Russell, 1984) . The degree of maturity of hydrocarbons in this unit is unknown. The 2,160-m-thick sequence of late Cenozoic basin sediments that fills the Black Rock Desert basin is considered to be the most likely source of bitumen in the region. As previously mentioned, several of the late Cenozoic basins through Nevada contain showings of oil and gas, and an oil exploration well drilled in the Black Rock Desert basin encountered traces of hydrocarbons above a 2,150-m depth (Garside et el., 1988) . Thus, available evidence strongly indicates that the late Cenozoic basin sediments are the source of both bitumen and isotopically light sulfur at the Crofoot-Lewis deposit.
Characteristics of Fluids
Isotopic composition of chloride waters
The term "chloride waters" refers to the deep hydrothermal fluid and is analogous to the neutral pH chloride waters in active geothermal systems (White, 1969; Henley and Ellis, 1983) . The isotopic compositions of ohoride waters (Fig. 11) have been calculated from 6•so values of quartz and calcite using fluid inclusion homogenization temperatures (Ebert, 1995) 
Oxygen isotope shift in deep thermal waters
The amount of oxygen isotope shift due to water-rock interaction at depth in the deeply circulating geothermal fluid (chloride waters) can be estimated from the 6•SOH•o-6DH.
•O value of water that was responsible for vein quartz deposition. The waters that deposited quartz fall along a line parallel to the meteoric water line, but are enriched about 4 per rail in
•sO (Fig. 11) . This 4 per rail •sO enrichment is attributed to oxygen isotope shift due to water-rock interaction and is simi- (Fig. 11) . This alunite was collected from a remnant mud pool near the top of the blanket acid leach zone and, based on its position in the system, it is younger than the other alunite samples (although its K-Ar age indicates that it is slightly older). The low 6D}•2o value for this alunite sample cannot be accounted for by temperature-related fractionation or evaporation, and it was almost certainly deposited from an isotopically light surface water. This isotopically light surface water is consistent with the composition of the late ehoride waters presented above. (Fig. 13A). 2. 2.5 or 2.4 to 2.0 Ma: lower temperatures and more arid conditions associated with glaciation at high elevations resulted in a reduced size of the lake in the Black Rock Desert basin (Fig. 13B) (Fig. 13C) This section proposes a simple convection model for the Crofoot-Lewis system in which meteoric water flowed along extensional fractures in the basin and was heated mainly by the high thermal gradient in the region. This model is consistent with the S isotope data and the apparent longevity of the Crofoot-Lewis system, but is admittedly speculative, mainly because of a lack of geophysical data on the basin, the paucity and uncertainty of the radiometric age data on the CrofootLewis deposit, and the lack of supporting hydrologic modeling studies. Nevertheless, it is important to present this model, because, if correct, the potential area that can be targeted for exploration of young hot spring gold deposits in the Great Basin increases significantly. vada indicate that the major range-bounding faults flatten with depth and that the intensity of faulting and fracturing is much greater within basins than in adjacent ranges (Catchings, 1992). Seismic reflection, gravity, and geologic data from the Dixie valley area, Nevada, also show the ranges to be composed of a fairly solid block, whereas the adjacent basins are highly faulted and fractured to depths of 15 to 20 km (Okaya, 1985) . The simplified structure presented in Figure  14 illustrates the high density of faulting and fracturing inferred to occur below the Black Rock Desert basin.
Postdepositional
The high density of faulting within the basins provides pathways for the downward migration of meteoric water (e.g., Hose and Taylor The paleoclimate was an important factor in the formation of the Crofoot-Lewis deposit by controlling the level of the palcowater table and the availability of meteoric recharge water. During periods of high surface water availability, the highly fractured areas beneath the basins are interpreted to be favorable sites for meteoric water convection. Meteoric waters recharged along faults through the late Cenozoic basin sediments, acquiring S and hydrocarbons. These deeply circulating geothermal fluids were eventually focused and discharged along basin-and-range faults near the margin of a lake. An igneous heat source is possible but not apparent at the system, and it is suggested that the high regional geothermal gradient was sufficient to form the ore deposit, with fluids circulating to minimum depths of 4 km.
